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The  NEWSLETTER  IS  circulated  without  charge  to  interested  military  and  government 
agencies,  and  to  the  contractors  of  the  Federal  Government.  Also  for  the  many  years  it  liad 
been  reprinted  by  the  Association  for  Computing  Machinery  within  their  Journal  and  more 
recently  in  their  Communications. 

Recently  the  Association  decided  that  the  Communications  could  better  serve  its  members 
by  concentrating  on  ACM  editorial  material.  Accordingly,  effective  with  this  issue,  the  NEWS¬ 
LETTER  will  be  available  only  by  distribution  from  the  Office  of  Naval  Research. 

Requests  to  receive  the  NEWSLETTER  regularly  should  be  submitted  to: 

Gordon  D.  Goldstein,  Editor 
Digital  Computer  Newsletter 
Information  Systems  .Branch 
Office  of  Naval  Research 
Washington  2S,  D.  C. 

Contractors  of  the  Federal  Government  should  reference  applicable  contracts  in  their 
requests. 


EDITORIAL  POLICY— ‘DIGITAL  COM.  JTER  NEWSLETTER 

The  NEWSLETTER,  although  a  U.  S.  Navy  Department  publication,  welcomes  contribu¬ 
tions  from  any  source.  Page  limitations  do,  however,  prevent  publication  of  some  of  the 
received  material.  Items  which  are  not  printed  are  kept  on  file  and  are  made  available  to 
Interested  personnel  within  the  Navy  Department,  and  other  government  agencies. 

Publication  of  information  on  commercial  products  does  not— in  any  way— imply  Navy  ap¬ 
proval  of  said  products;  nor  does  it  mean  that  the  Navy  vouches  for  the  accuracy  of  the  state¬ 
ments  made  by  the  various  contributors.  Since  we  do  not  have  space  to  print  all  of  the  worth¬ 
while  and  newsworthy  items,  what  does  appear  in  each  issue  should  be  considered  only  as 
being  representative  of  the  state-of-the-art  and  not  as  the  sole  product  or  technique  available. 
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COMPUTERS  AND  DATA  PROCESSORS,  NORTH  AMERICA 


Q-20  REVTSIONS-COMPUTER  DIVISION  BENDDC  CORPORATION- 
LOS  ANOELRS,  OAI.T  PORNIA 

A  40-percent  Increase  in  computing  speed  has  been  achieved  as  a  result  ot  experience 
with  0-20  prototype  models  (see  DCN  April  1S60).  The  clock  frequency  has  been  raised  from 
700  kilocycles  to  1  megacycle  and  the  fixed-point  add  time  revised  from  6  to  5  micro¬ 
seconds.  Average  rate  for  single  word,  fixed-point  additions  is  now  83,000  per  second,  up 
from  60,000  per  second. 

Magnetic  tape  speeds  have  been  doubled.  Reading  and  writing  operations  are  now  per¬ 
formed  at  120,000  alphanumeric  characters  per  second.  Searching  Is  performed  at  double 
these  speeds.  The  new  fast  tape  handlers  feature  complete  Internal  checking  facilities  and 
solid-state  circuitry. 

Printed  output  for  the  system  will  be  accomplished  with  a  new  series  of  high-speed  line 
printers.  These  units  will  operate  at  speeds  up  to  1500  lines  per  minute  on  numeric  data 
and  1000  lines  per  minute  on  alphabetic  data.  These  previously  were  1250  and  600  lines, 
respectively. 

The  "organization  chart"  communications  concept  featured  when  the  G-20  was  introduced 
has  been  further  refined.  Both  the  accessory  control  buffers  and  the  magnetic  tape  control 
units  are  now  equipped  with  program  controlled  electronic  switches  that  can  connect  them  to 
either  of  two  communication  lines.  Simultaneous  data  transfers  can  be  made  over  multiple 
communication  linos  in  a  flexible  and  efficient  manner. 

Core  memory  for  the  storage  of  data  and  commands  in  the  accessory  control  buffers  has 
been  Increased  from  10i>4  to  4086  characters.  Facilities  have  been  added  for  versatile  data 
editing  and  control  of  data  transfers. 

The  first  G-20  system  will  be  delivered  U  the  Computation  Laboratory  at  Carnegie  Insti¬ 
tute  of  Technology. 


SWAC-UNIVERSITY  OF  CALIFORNIA  AT  LOS  ANGELES- 
LOS  ANGELE'.  24,  CALIFORNIA 

On  September  2,  1959,  the  transfer  ot  SWAC  from  its  original  site  to  new  permanent  quar¬ 
tern  was  begun.  The  machine  had  been  built  "in  situ  '  and  its  removal  entailed  considerable 
disassembly.  It  was  found  possible  to  move  the  main  frame  in  one  piece  by  removing  one.  wall 
of  the  building  in  which  the  computer  was  housed.  Almost  all  of  the  power  wiring  had  to  be 
replaced.  Much  of  the  signal  cabling  between  computer  units  was  re-utillzed,  and  most  of  the 
plug  and  receptacle  connections  were  replaced  by  solder  joints.  These  pluggable  connections 
also  proved  satisfactory  in  subsequent  operations. 

Power  equipment  was  completely  reassembled,  and  new  control  cabinets  were  built.  The 
drum  was  resurfaced,  and  new  bearings  Installed,  by  the  original  builder,  the  Llbrascope 
Corp. ,  Glendale,  Calif.  A  new  console  was  provided,  and  the  manual  controls  were  re¬ 
arranged.  Power  was  applied  to  the  computer  in  its  new  location  about  June  1,  1960,  and 
fully  "debugged"  operation  began  on  August  18,  1960,  when  the  drum  retiming  was  completed. 

It  was  hoped  that  the  core  memory  could  be  installed  during  the  move,  but  unexpected 
difficulties  with  the  RCA  core  plate,  and  the  diversion  of  all  hands  to  the  moving  project  at 
several  critical  points,  prevented  this.  Fln.'Uly,  it  was  decided  to  abandon  the  core  plates. 
Eight  new  core  planes,  of  individually  wired  cores  in  a  matrix  of  48  by  64,  have  been  obtained 
from  RCA.  These  planes  are  directly  inserted  into  the  circuits  of  the  memory  logic,,  as  pre¬ 
viously  built.  They  have  two  additional  advantages:  (a)  the  cores  are  faster  by  a  factor  ok 
almost  two,  and  (b)  the  array  consists  of  512  words,  or  twice  the  capacity  of  the  original 
assembly. 


The  work  of  Installing  these  cores  Is  proceeding  as  a  Senior  Engineering  project.  Altera- 
Hnn«  In  th«  SWAC  making  nnaathln  tn  addraaa  the  extra  words  within  the  four-address 

Structure,  have  been  worked  out. 

The  machine  has  not  been  operating  tong  enough  for  definite  llgurea  to  be  quoted;  however, 
the  general  Impression  Is  that  the  move  has  done  SWAC  no  harm,  and  the  move  has  been  a 
benefit  In  disclosing  many  weak  spots  In  the  circuitry  which  have,  of  course,  been  repaired. 

A  systematic  replacement  of  the  6A07  flip-flop  tubes  with  6107  computer-type  pentodes  has 
resulted  In  a  large  increase  of  reliability  In  the  arithmetic  section.  Aging  of  the  SWAC  has 
resulted  In  a  low  but  fairly  steady  failure  rate  of  the  pulse  transformers,  originally  built  by 
the  National  Bureau  of  Standards  Institute  for  Numerical  Analysis.  Bach  failure  has  been 
rf'placed  by  a  modern  commercial  transformer.  Such  systematic  replacement  policies  should 
Insure  continued  successful  operation. 


MICROCOMPUTER-HUGHES  AIRCRAFT  COMPANY- 
CULVER  CITY,  CALIFORNIA 

At  the  Culver  City  Research  and  Development  Laboratories  of  the  Hughes  Aircraft  Com¬ 
pany,  work  Is  well  under  way  on  the  fabrication  of  a  demonstration  model  of  the  Microcomputer. 
Completion  Is  anticipated  In  the  first  quarter  of  1961 .  This  Is  a  DDA  computer  for  use 
with  an  inertial  platform  in  ballistic  missile  applications.  It  Is  fabricated  by  use  of  thln-fllm 
techniques  and  "dot"  components.  Supplanting  conventional  fabrication  techniques  of  phenolic 
boards  with  etched  circuits  and  soldered-on  components  is  a  basic  3-  by  2-  by  .040-ln.  foto- 
ceram  substrate  wafer  on  which,  by  means  of  high  vacuum  deposition  of  thin  metallic  films, 
binary  arrays  ofpasslve  components  (including  50-percerd  spares)  and  a  universal  Interconnection 
method  for  several  circuits  are  laid  down.  The  specially  packaged  smidl  "dot"  components, 
diodes,  and  transistors,  are  Imbedded  In  the  wafer  and  appropriate  component  Interconnections 
formed  to  complete  the  circuits.  In  the  event  of  component  failure,  the  circuits  are  repairable 
due  to  the  unique  Hughes  lnterconnectlc:i  method. 

About  7000  components  are  required  for  the  DDA  computer.  Those,  and  the  SO-percent 
spares  of  resistors  and  ciqiacitors  and  a  large  built-in  Interconnection  flexibility,  are  fitted 
into  a  space  of  slightly  less  than  20  cu  in.  This  alho  Includes  cooling  apace  and  Interwafer 
Interconnections  within  the  computer.  The  component  density  Is  well  over  2,000,000  per  cu 
ft.  Power  dissipation  Is  reduced  from  around  40  w  using  conventional  techniques  to  just  under 
10  w  In  the  Microcomputer. 

Nlchrome  resistors  used  in  the  computer  circuits  are  currently  yielding  3-percent  toler¬ 
ances.  They  have  shown  0. 3-percent  stability  when  subjected  to  temperature  changes  from 
that  of  liquid  solder,  4-22S°C  to  liquid  nitrogen  -  100°C  in  less  than  a  minute.  After  more  than 
350  hours  of  operation  at  ISO’C  the  resistors  have  tolerance  variances  of  2  percent,  or  less. 
The  ruggedness  of  these  tiny  circuits  hold  considerable  promise  for  missile  and  space  applica¬ 
tions  where  small  size,  low  power,  and  minimum  performance  degradation  in  environmental 
extremes  are  prime  computer  requirements. 

The  flexibility  of  the  circuit  fabrication  also  shows  great  promise  In  simplifying  the  logic 
design  and  reducing  the  programming  effort  required.  Changes  In  the  wired  program  and 
supporting  logic  are  possible  by  severing  old  circuit  Interconnections  and  making  new  ones. 

The  Hughes  computer  designers  hail  this  flexibility  as  a  significant  step  forward  In  the  develop¬ 
ment  of  a  true  off-tlie-sheU  DDA  ballistic  missile  computer.  With  the  appropriate  logic/ 
program/circuit  changes  a  single  basic  computer  can  be  quickly,  easily  and  Inexpensively  be 
made  to  perform  in  a  large  number  of  different  ballistic  missile  applications. 


ILLIAC  n— UNIVERSITY  OF  ILLINOIS —URB ANA,  ILLINOIS 

The  Digital  Computer  Laboratory  of  the  University  of  Illinois  has  under  construction  a  new 
computer.  The  work  Is  being  supported  by  the  United  States  Atomic  Energy  Commission,  the 
Office  of  Naval  Research,  and  the  University  of  Illinois. 
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Some  specific  details  lor  the  computer  are: 


Word  leni^ti  uliwiry  dl^lta 

Mantissa  45  bits,  including  sign 

Exponent  (base  4)  7  bits 

Range  of  each  exponent  x  4-^4  x  <  4°4 

Core  storage  unit  capacity  8192  words 

Magnetic  drum*8torage  capacity  65, 536  words 

Fast  access  storage  10  words 

Length  of  control  group  IS  btts 

Length  of  short  Instruction  1  control  group 

Length  of  core  storage  address  1  control  group 

Length  of  long  liistructlon  2  control  groups 

Approximate  speeds  expected  are: 

Floating  add  or  subtract 
Multiply 
Divide 

Core  cycle  time 
Initial  access  to  drum 

Drum  word  rate  during  block 
transfer 
Block  size 

*Arlthmetlc  operation  times  are  initially  expected  to  be  25  percent  greater  than  listed 
here.  Alter  reliable  operation  la  achieved,  control  modifications  to  reduce  opera¬ 
tion  times  to  those  listed  will  be  made, 

Some  of  the  more  unusual  features  of  this  high-speed  computer,  now  under  construction  at 
the  University's  Digital  Computer  Laboratory,  are: 

1.  Nonsaturating  circuits  using  PNP  germanium  mesa  transistors, 

2.  Use  of  selectors  to  control  data  paths.  For  example,  shifting  la  achieved  by 
choosing  from  control  one  of  the  signals,  x,  y,  or  z  with  each  digit  a'l  to  be  gated 
selected  in  accordance  with  the  Boolean  equation  a'j  »  xaj.g  ya;i  +  >>^1+2  ■ 

3.  Use  of  stored  carries  and  ba8e-4  operation  for  Increased  arithmetic  speed,  par¬ 
ticularly  in  multiplication. 

4.  A  speed-independent  control,  having  the  property  that  the  output  of  each  logical 
circuit  In  the  control,  can  react  to  an  Input  change  after  an  indefinitely  long  time 
without  affecting  the  end  result.  Such  a  control  will  help  to  ensure  correct  opera¬ 
tion,  even  when  signal  transmission  times  exceed  circuit  operation  times. 

5.  Floating  point  operations,  with  facilities  for  floating  addition  of  a  single  proclslon 
addend  to  a  double  precision  augend  In  the  accumulator,  yielding  a  double  pre¬ 
cision  sum  In  the  accumulator. 

6.  Time-sharing  of  arithmetic  operations  with  core  memory  accesses.  An  advanced 
control  to  read  operands  and  instructions  Into  fast  access  transistor  registers  In 
advance  Is  required. 

7.  A  compact  order  code.  Including  short  Instructions,  In  which  4  bits  select  an  In¬ 
dex  register  containing  the  core  memory  address.  Long  Instructions,  with  index 
registers  employed  In  the  conventional  way  for  address  modification,  may  also  be 
used. 

The  faster  portions  of  the  computer  are  being  constructed  first.  Each  chassis  used  for  the 
arithmetic  unit  has  spaces  for  approximately  250  transistors;  three  chassis  are  used  for  two 


1. 5  to  2. 5  microseconds* 

5  to  7  microseconds* 

15  to  20  microseconds* 

1. 8  to  2. 0  microseconds 
6. 5 'milliseconds  average 
17  microseconds  maximum 
7  microseconds  per  word 

256  words 
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ao  that  short  distances  between  high-  and  low-order  digits  can  be  maintained.  Wiring  of 
chassis  for  the  repetitive  sections  of  the  arithmetic  unit  Is  73-percent  completed.  Logical 
design  of  the  end  connections  and  of  the  esponent  arlthmotic  unit  Is  virtually  complete,  wIUj 
circuit  layout  underway.  Final  checks  are  being  made  on  arithmetic  control  sequencing  charts, 
and  speed-independent  controls  corresponding  to  the  more  frequently  used  elementary  se¬ 
quences  have  been  designed. 


A  3>bit-per-word,  64-word,  core  memory  test  unit  with  dimensions  approximating  the 
final  unit  was  constructed  during  the  summer  of  1960.  Initially,  the  mean  error-free  time  was 
approximately  30  minutes.  After  the  addition  of  metal  covers  to  shield  the  entire  unit  from 
external  noise  sources,  an  error-free  run  In  excess  of  100  hours  has  been  achieved. 


THE  AMOS  IV  COMPUTER— NATIONAL  BUREAU  OF  STANDARDS -  WASHINGTON ,  D.  C. 

The  National  Bureau  of  Standards,  In  cooperation  with  the  U.  S.  Weather  Bureau,  has 
developed  a  specialized  digital  computer  for  the  Weather  Bureau  to  use  as  a  research  tool  In 
exploring  the  concept  of  the  automatic  weather  station.  The  AMOS  IV  computer  receives  data 
from  weather-sensing  instruments  and  processes  these  data  through  such  functions  as  sampling, 
comparing,  selecting  a  maximum,  and  arithmetic  operations.  The  results  are  transmitted 
via  teletype  to  a  central  forecasting  station  and  to  other  airport  weather  stations.  Values  of 
two  quantities  recently  developed  as  aids  to  air  safety— runway  visual  range  and  approach-light 
contact  height-  are  given  by  the  machine  through  automatic  table  look-up. 

For  a  number  of  years,  the  Weather  Bureau  has  been  appraising  the  possibilities  of  an 
automatic  weather  station.  Such  stations  could  be  widely  distributed,  and  would  be  especially 
useful  In  relatively  inaccessible  locations  that  are  Important  sources  of  early  data  on  meteoro¬ 
logical  activity.  The  various  developmental  prototypes  of  this  concept  have  been  called  AMOS 
(Automatic  Meteorological  Observation  Station);  the  current  version,  containing  transistorized 
packages,  Is  AMOS  IV.  It  is  an  outgrowth  of  previous  work  done  by  NBS  for  the  Weather  Bu¬ 
reau  that  resulted  in  a  special  computer  for  processing  cloud-height  signals  from  a  cellometer; 
the  cellometer  was  Intended  for  use  with  the  AMOS  m. 

Several  of  the  input  quantities  to  the  AMOS  computers,  such  as  cloud  height  and  precipita¬ 
tion,  cannot  be  satisfactorily  represented  by  Instantaneous  values  but  must  be  time -averaged. 
Varying  amounts  of  data  processing,  therefore,  must  be  associated  with  the  different  Instru¬ 
ments  measuring  these  quantities. 

in  the  AMOS  HI  concept,  several  complex  units  were  required  for  these  functions.  Al¬ 
though  many  of  the  functions  were  similar,  the  hardware  was  not  minimized  because  of  a 
diversity  of  design  that  resulted  from  the  Isolated  development  of  the  individual  imits.  Anal¬ 
ysis  of  the  over-all:  system  indicated  that  a  considerable  reduction  could  be  made  in  hardware 
and  therefore  In  maintenance. 

In  AMOS  IV,  the  automatic  weather  station  Is  built  around  a  single,  small,  general- 
purpose  computer-designed  especially  for  this  application.  The  computer  receives  data  from 
the  Input  instruments  at  any  desired  Interval, 

These  data  are  suitably  processed  and  arranged  in  a  specified  order  for  teletype  trans¬ 
mission  in  a  variety  of  message  formats  and  at  various  speeds.  The  computer  also  operates 
local  and  remote  displays.  Much  latitude  is  available  for  research  into  the  most  desirable 
form  of  data  process!)^  because  of  the  inherent  flexibility  of  the  Internally  programmed  ma¬ 
chine. 

Ihe  computer  continuously  monitors  new  Input  data,  while  simultaneously  processing  data 
already  entered  and  transmitting  messages  on  command.  Among  the  Input  quantities  which  the 
AMOS  IV  computer  car.  handle  are:  temperature,  dew  point,  wind  speed  and  direction,  atmos¬ 
pheric  pressure,  precipitation,  transmissivity,  and  cloud  height.  Input  data  can  be  received 
directly  from  the  Instruments  in  the  simplest  possible  form— such  as  analog  voltage,  current, 
or  resistance;  and  pulse  rate  or  contact  closure.  Information  may  also  be  received  In  coded 
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fcrir. --  such  as  tha  Cray  uiri&iy  coue  ri-eiiuenlly  u»ed  with  nhait'poaition  encodeis.  Tne  nature 
of  the  weather  Instruments  and  at  the  quantities  measured  limits  the  input  data  to  2  or  3  deci¬ 
mal  digits  lot  the  most  part;  work  slxe  Is  therefore  3  digits  plus  sign.  Double-precision 
methods  arc  -'.vallable  for  those  few  Instances  requiring  greater  accuracy.  Communicatlun 
with  the  machine  is  via  electric  typewriter  or  punched  tape. 

The  computer  circuitry  is  based  on  transistorized  plug-in  assemblies^deslgned  at  NB8 
for  a  variety  of  data-processlng  applications.  These  50-kc  packages  perform  flip-flop,  analog 
switch,  and  gating  circuitry  functions,  as  well  as  other  functions. 

To  store  data,  the  machine  uses  a  magnetic  drum— operating  at  1800  rpm-that  carries 
iOO  general  storage  channels  of  100  words  each,  and  the  machine  has  space  for  100  additional 
channels.  Several  dual-head  channels  are  available  for  simultaneous  read- in  and  read-out  of 
incoming  data,  outgoing  messages,  etc.  The  magnetic  drum  provides  the  extensive  storage 
capacity  required  for  the  table  look-up  Involved  in  the  calculations  of  runway  visual  range  and 
approach  I'"’'*  i-ontnct  height.  About  35  tables  are  stored  on  the  drum;  each  table  has  about 
00  three-digit  values. 

One  set  of  these  tables  contains  the  data  on  runway  visual  range  (RVR),  1.  e. ,  the  distance 
along  the  runway  visible  to  a  pilot  from  the  point  of  touchduwn-generally  1000  to  6500  feet, 
depending  upon  runway  illumination  (natural  and  artificial)  and  atmospheric  conditions.  The 
primary  input  for  the  RVR  determination  is  a  transmlssometer  reading.  The  computer  con¬ 
tinuously  .nonitors  this  reading  and  "looks  up"  the  proper  corresponding  value  of  RVR,  which 
is  then  displayed  locally  and  inserted  into  the  teletype  message. 

The  other  set  of  tables  contains  the  data  on  approach  light  contact  height  (ALCH),  1.  e. , 
the  height  from  which  the  pilot  can  identify  the  approach  lights.  ALCH  is  affected  by  back¬ 
ground  illumination  level,  atmospheric  conditions,  and  the  intensity  of  the  approach  lights 
which  are  set  in  accordance  with  prevailing  conditions.  If  limiting  conditions  a/o  indicated  by 
either  low  clouds,  as  shown  by  the  ceilometer,  or  by  fog  or  snow,  as  sensed  by  the  transmls- 
someter,  a  value  of  ALCH  based  on  the  interfering  factor  is  obtained.  If  both  factors  are 
present,  two  calculations  are  made;  the  riachine  then  determines  and  displays  the  lower  value. 
Since  there  Is  a  statistical  uncertainty  in  this  type  of  information,  two  values  of  altitude  are 
presented.  The  higher  altitude  is  that  at  which  the  pilot  has  a  20-percent  probability  of  seeing 
the  approach  lights;  the  lower  altitude  is  that  at  which  the  probability  is  90  percent. 


TELE  FILE  — THE  TELEREGISTER  CORPORATION— 

STAMFORD,  CONNECTICUT 

Telefile  is  the  trade  name  for  a  new  (third  generation)  data-processlng  system  created  by 
the  Teleregister  Corporation.  The  first  of  four  systems  was  shipped  in  October  and  November 
to  its  installation  site  at  one  of  the  largest  savings  banks  in  the  east  where  this  system  will 
tiandle  all  of  the  bank's  accounting  functions.  Two  of  the  remaining  systems  will  also  serve 
banking  institutions.  The  other  Telefile,  shipped  in  November,  will  handle  reservations  for 
one  of  the  largest  airlines. 

The  word  "system"  is  appropriate  because  much  more  equipment  than  a  single  data 
processor  is  involved.  Although  the  word  "Telefile"  is  often  used  in  reference  to  single 
processor,  it  also  may  apply  to  a  complete  system  because  several  processors  and  many  other 
devices  used  for  storage,  data  entry,  data  output,  and  communications  usually  are  incor¬ 
porated  into  a  Telefile  system  and  because  the  word  is  used  in  that  sense  collectively. 

The  data-processing  industry  refers  to  vacuum-tube  computere  that  began  with  the  Univac 
as  first-generation  data  processors.  The  second-generation  processors  Include  recently  iucio- 
duced  transistorized  machines;  these  later  machines  are  generally  faster  and  have  more  paral¬ 
lel  operations  than  those  of  the  first  generation. 

The  Telefile  is  transistorized.  It  belongs  in  a  third  generation  because  of  itK  unique 
characteristics  in  comparison  with  second- generation  processors.  This  chief  difference  is 
that  Telefile  data-processor  design  is  subservient  to  a  basic  over-all  system  design  philosophy. 
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This  philosophy  stemmed  from  a  need  for  greater  flexibility  to  obtain  optimum  combinations  of 
eeulpmant  fnr  a  siv*n  appllcotlsr.  u,*ithsut  clcsing  tlm  a/etem  to  future  expansion.  This  need 
has  resulted  In  a  modular  design  with  a  high  degree  of  flexibility.  The  Inclusion  of  on-line 
subsystems  among  the  modules  la  an  Important  factor  controlling  design  concepts. 

On-Line  Systems.  An  on-line  data-processlng  system  must  receive  undisciplined  Infor- 
matlon  requests  from  a  large  number  of  sources,  sometimes  over  great  distances.  It  must 
process  the  Information  rapidly  and  send  responses  back  to  the  sources  very  rapidly.  "Real¬ 
time"  Is  another  name  given  to  this  type  of  system.  These  terms  are  In  opposition  to  "off-line" 
processing  which  usually  means  the  type  of  batched  data  handling  common  to  Industry. 

Computers  designed  tor  on-line  systems  must  meet  special  requirements  not  often  found 
in  commbi'clal  data-processlng  situations.  Among  these  are  high  reliability,  multiple  Inputs, 
large  random  access  storage,  ability  to  handle  peak  loads  without  wasting  computing  power. 
On-line  computers  must  be  able  to  change  programs  quickly  from  one  type  of  transaction  to 
another  at  random  and  to  process  off-line  during  nonpeak  hours  while  handling  the  remaining 
on-line  work  load.  They  are  further  required  to  operate  24  hours  per  day,  7  days  per  week, 
year  in  and  year  out.  The  capability  must  exist  for  adding  computing  power  and  storage  as 
the  louls  increase. 

Detailed  Characteristics. 

1.  Processor  system- subsystem  design  concept 

2.  Multiple  processors  operating  In  several  modes  Including  multiplex,  or  singly, 
on-line  or  off-line,  and  maintenance 

3.  All  processors  capable  of  sharing  on-line  load  through  simultaneous  computing  In 
each  processor 

4.  All  processors  having  access  to  all  storage,  inputs  and  outputs  at  the  same  time 

5.  Large  random  access  storage  in  several  hierarchies  of  size  and  access  time 

6.  Twenty-nine  simultaneous  Input-ouiput  channels  with  each  processor 

7.  Character  addressable  storage  providing  completely  variable  word  length  from 
1  to  100  digits 

8.  High  system  reliability  through  provisions  for  multiple  processor  fallback 

9.  Computing  power  for  on-line  work  can  be  increased  or  decreased  In  modules  of 
one  processor 

10.  Ability  to  handle  on-line  work  with  fewer  processors  during  off-peak  hours  and 
switch  remaining  processors  over  to  off-line  work 

11.  Ability  to  maintain  (either  emergency  or  routine)  any  computer  while  others  are 
handling  the  loar’ 

12.  Ability  to  add  storage  or  Input-output  capacity  almost  without  limit,  as  require¬ 
ments  grow 

13.  Fast  on-line  program  changes  by  surging  programs  Into  processor  core  storage 
from  "limitless"  drum  program  storage 

Subsystem  Design.  The  most  important  new  characteristic  listed  above  is  the  first;  the 
processor  system-subsystem  design  concept.  Each  processor  In  a  Teleflle  system  Is  a  self- 
contained  computer  incorporating  stored  program,  digit  addressability  and  variable  word- 
length  features.  Each  processor  has  up  to  29  channels  which  can  be  connected  to  either  storage 
or  input-output  subsystems. 
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Each  iubavatem  can  operotn  lnd«n«nriMnMy  irnm  •««  «;  th;  prcccsscrs  hcccucc  each  » 
equipped  with  its  own  control  register  and  associated  logical  elements.  Subsystems  take  key 
instructions  from  a  processor  and  proceed  through  a  limited  sequence  of  steps  under  their  own 
control.  A  priority  interrupt  feature  allows  any  sulwystem,  during  this  sequence,  to  stall  the 
processor  and  communicate  with  it  for  a  single  pulse  time.  During  this  pulse  time,  a  digit  of 
data  can  be  transferred  between  the  core  of  the  processor  and  the  subsystem. 

The  technique  can  be  likened  to  the  organization  of  an  office  where  the  manager  delegates 
responsibilities  to  specialized  workers.  Work  flow  is  dependent  on  the  manager  who  issues 
key  instructions  on  disposition  or  handling  of  data  and  who  receives  results  from  the  workers 
capable  of  performing  limited  operations.  Both  manager  and  processor  function  In  the  same 
manner;  both  have  Interruptions  to  maintain  work  flow  and  both  handle  simultaneous  transfers 
and  apply  priorities  in  cases  of  conflict.  Their  own  specialized  work  continues  at  the  same 
time,  slowed  only  by  the  short  intervals  required  for  the  actual  data  transfers. 

The  subsystems  available  are:  (a)  large,  medium-speed  nMgnetlc  drums,  (b)  smaller, 
high-speed  magnetic  drums,  (c)  magnetic  tapes,  (d)  large-size  magnetic  core,  (e)  large-size, 
medium-speed  magnetic  discs,  (f)  medium-size,  high-speed  magnetic  discs,  (g)  on-line  com¬ 
munications  subsystems,  (h)  automatic  typewriters,  (1)  low-speed,  punched-tape  readers  and 
punches,  (])  punched-card  input  and  output,  (k)  and  tab-drive  output  subsystems. 

Modes  of  Operation.  The  processor  In  a  system  may  be  operated  in  any  one  of  several 
modes  under  operator  control  from  a  master  panel  associated  with  each  Teleflle  system. 

These  modes  Include  on-lino  processing,  off-line  processing,  idling  or  standby,  and  mainte¬ 
nance.  A  simultaneous  combination  of  modes  can  exist  when  more  than  one  processor  is  con¬ 
tained  In  a  system.  For  distinction,  the  following  terms  are  used;  "simplex  mode"  for  a  one- 
processor  system,  "duplex  mode"  for  two  "triplex  mode"  for  three,  and  the  like. 

When  two  or  more  processors  are  used  for  on-line  work  in  a  system,  they  can  be  placed 
In  a  multiplex  mode  of  operation.  Each  multiplexed  processor  is  connected  through  a  "seeker" 
arrangement  to  the  on-line  system  to  allow  a  nonbusy  processor  to  handle  the  next  transaction 
which  arrives  from  any  of  the  many  on-line  input  sources.  All  processors  share  the  same 
subsystem  storages.  The  working  core  storage  of  10,000  to  15,000  digits,  however,  la  a  sep¬ 
arate  part  of  each  Teleflle  processor  and  is  not  shared.  Thus,  In  this  manner,  system  capa¬ 
bilities  multiply  almost  directly  as  the  number  of  processors  while  Inputs  and  storages  are 
shared. 

Generally,  In  off-peak  hours,  only  a  single  machine  Is  needed  to  handle  on-line  loads. 

The  other  processors  are  then  available  for  other  work,  such  as  mortgage  processing.  In  this 
mode,  the  control  panel  is  set  to  specify  which  subsystems  are  to  be  associated  with  each 
processor. 

Programming  Features.  A  completely  new  philosophy  of  programming  has  developed  with 
the  Teleflle.  It  centers  around  on-l^e  requirements,  for  which  many  programs  required  for 
processing  a  wide  variety  of  transaction  types  in  a  completely  random  sequence  must  be  brought 
Into  play  rapidly. 

The  philosophy  is  based  on  large  amounts  of  drum  program  storage  available  to  be  "surged" 
(a  whole  program  at  a  time)  as  required.  Into  the  processor  core  storage.  The  core  really 
becomes  analogous  to  the  operating  or  working  registers  In  a  standard  first-  or  second- 
generation  computer.  A  control  program  In  the  core  determines  which  program  is  required 
for  the  transaction  to  be  processed  and  causes  all  pertinent  instructions  to  be  surged  into  the 
core  for  execution. 

In  this  technique,  individual  programs  are  stored  Independently.  Large,  practically  un¬ 
limited,  program  storage  permits  "straight  line"  programming  with  no  complicated  "loops 
within  loops"  or  other  sophisticated  methods.  The  net  result  is  an  over-all  reduction  in 
programming  man-hours  of  better  than  4  to  1.  This  is  obviously  an  important  advantage  in 
large  scale  applications  involving  many  man-years  of  prograinmlng  effort.  This  facility  also 
allows  easy  program  changes  when  new  routines  or  programs  are  added  or  old  ones  are  re¬ 
placed. 


Programs  are  made  up  of  any  combination  of  flexible,  single-address  instructions  which 
may  provide  for  over  230  operations.  Each  instruction  is  made  up  of  eight  decimal  digits:  the 
first  two  ai'e  the  order  to  be  perfornMd;  the  next  two  specify  the  length  of  th*  field,  or  the  con¬ 
dition  of  the  order;  the  last  four  provide  the  core  location.  Unless  the  program  logic  dictates 
otherwise,  all  Instructions  are  executed  sequential^. 

Single-character  core  addressability  permits  efficient  utilisation  of  storage  as  well  as 
flexibility  in  data  handling.  A  single  Instruction  will  operate  on  data— ranging  frcm  1  to  100 
digits  in  length.  Within  the  limits  of  practicality,  there  are  no  restrictions  on  the  digit  length 
of  records,  that  is,  the  items  of  data  to  be  processed.  Instructions  can  be  executed  at  a  rate 
or  more  than  12, 000  per  second. 

A  number  of  control  registers  associated  with  each  processor  are  used  in  the  execution  of 
program  instructions.  These  Include  the  instruction  control  register,  the  accumulator  control 
register,  the  memory  operand  control  register,  and  the  quotient/multiplier  control  register. 
These  program  accessible  control  registers,  effect  over-all  time  savings,  and  facilitate  pro¬ 
gramming.  For  example, .  the  accumulator  control  register  enables  the  program  to  define  an 
accumulator  of  any  length  up  to  100  decimal  digits,  located  anywhere  in  the  core  memory. 

The  other  registers  have  the  same  facility. 

Off-Line  Capabilities.  Telefile  system  design  concepts,  stemming  primarily  from  special 
on-line  requirements,  have  produced  unusual  capabilities  for  off-line  processing.  For  example, 
the  Presence  of  large,  random-access  drum  storage  has  provided  an  ability  to  sort  faster  than 
most  magnetic-tape,  general-purpose  processors. 

Large  drum  storage  also  allows  various  processing  work  to  proceed  simultaneously  with 
magnetic-tape  reading.  The  number  of  tape  passes  in  a  batch  processing  application  is  thus 
reduced  by  a  significant  ratio.  Since  tapes  are,  with  the  present  state  of  the  art,  the  least 
reliable  form  of  storage,  reduction  in  tape  movement  is  a  significant  advantage. 

Each  drum  is  capable  of  storing  up  to  1, 050, 000  decimal  digits.  There  is  almost  no  limit 
to  the  number  of  such  dr>ims  in  any  particular  system.  The  drums,  like  the  core,  provide  for 
digit  accessibility  on  a  completely  random  basis.  Eight  digits  provide  for  the  continuous  ad¬ 
dressing  of  every  character  on  every  drum.  Any  dium-stored  information,  from  1  to  10,000 
decimal  digits  long,  may  be  retrieved  by  a  single  Instruction.  This  permits  complete  flexibility 
in  the  drum  mapping  of  both  data  and  programs. 

The  average  access  time  to  any  um  'if  drum  Information  is  17  n:  llllseconds.  Parallel 
processing  of  other  information  may  be  carried  out  in  the  central  pro  jessor  during  this  access 
time.  Because  of  this  access  and  simultaneous  computation,  the  drums  may  be  considered  an 
extension  of  the  core  memory  for  all  practical  purposes.  In  this  way,  the  solution  of  mass 
inventory-type  problems  demanding  fast  access  to  any  record,  in  combination  with  the  high¬ 
speed  processing  of  that  record,  lias  been  achieved. 

Diagnostic  Procedures.  Reliability  was  a  prime  consideration  in  the  design  of  the  system. 
Checks  and  safeguards  have  been  built  into  the  circuitry  to  ensure  accurate,  dependable  data 
processing.  Errors  in  processing  are  detected  by  instructions  provided  for  this  purpose.  If 
an  error  is  detected,  a  branch  to  a  diagnostic  program  is  developed.  This  diagnostic  routine 
will  analyze  the  error  and  decide  upon  the  proper  procedure  to  follow.  Program  interrogated 
error  check  points  Include  any  malfunction  in  core  memory,  arithmetics,  and  peripheral 
equipment  subsystems. 

Central  Processor.  The  processor  consists  of  five  standard  19-inch-wlde  racks  of  equip¬ 
ment,  mounted  in  a  ventilated  cabinet.  The  center  rack  is  a  magnetic  core  memory.  The  asso¬ 
ciated  logic  circuits,  arithmetics,  registers,  etc.,  are  mounted  In  the  two  racks  on. each  side  of 
the  memory.  All  circuitry  Is  solid-state  modularized  on  plug-in  printed  circuit  transistor  logic 
cards.  A  console  associated  with  each  processor  displays  the  internal  ope  Ions  as  an  aid  to 
the  maintenance  technician,  and  Is  used  In  the  test  and  analysis  of  progran..  . 

Peripheral  Equipment.  The  Teleregister  approach  of  not  limiting  the  input-output  region 
of  the  central  processor  to  a  single  media  such  as  magnetic  tapes  has  led  to  the  utilization  of 
data-storage  media  of  many  different  characteristics.  Although  a  high-speed  magnetic  core 
memory  is  needed  for  efficient  computation,  it  is  not  economically  feasible  to  make  available 


«n  exiremely  large  amount  of  this  type  of  atori^^.  Therefore,  a  variety  of  nuxtular  peripheral 
•iiuaynDiuH  uxv  Itulured  tu  meet  the  needs  oi  the  vurious  system  requirements  for  storage 
capacity  and  access  time. 

The  peripheral  equipmenl  used  in  the  various  system  options  consists  of  ctora^  and  ac¬ 
cess  devices  along  with  the  necessary  electronic  conqnnents  to  provide  Interconneotloa  be¬ 
tween  these  equipments  and  the  processor.  The  following  descriptions  consider  a  complete 
subsystem  as  consisting  of  the  device,  and  Its  associated  eleotronice,  ss  a  e^le  fUnettonnl 
equipment. 

Magnetic-Drum  Subeyetem.  The  magnetic-drum  subeystem  consists  of  drum  unttSi  drum 
control^ts,  and,  If  more  then  one  processor  is  used^  a  drum  central  unit.  Each  druia  unit  ^ 
consists  of  a  vertically  mounted  drum  and  read- write  circuitry  housed  In  a  cabinet  apprdnl- 
mately  3-feet  square  by  7-feat  high.  Bach  magnetic  drum  has  a  storage  capacity  of  1,050,000 
decimal  digits.  Digits  are  stored  In  specified  locations  on  drums.  Drums  revolve  at  a  speed 
of  approximately  1800  rpm.  Average  access  time  to  any  digit  of  Information  on  drums  is  17 
mllliaeconde.  Drums,  as  well  as  other  eufaeysteme,  can  work  in  parallel  with  central  pro¬ 
cessors. 

The  drum-system  control  unit  consists  of  rack-mounted  transistor  logic  cards  that  pro¬ 
vide  the  necessary  logic  and  eolid-etate  swUchlng  circuits  to  autonoatically  connect  the  proper 
drum  to  the  processor  on  demand.  If  more  than  one  processor  is  used  In  the  system,  a  drum 
central  unit  Is  required.  Tlie  drum  central  consists  of  rack-mounted,  transistor  logic  cards; 
its  function  is  to  determine  processor  access  to  driim  priority  and  to  perform  the  switching 
function  accordingly. 

Magnetic  Tapee.  A  single  magnetic-tape  subeystem  consists  of  from  1  to  18  tape  handlers 
with  thi^  asBoctated  electronics  connected  to  the  processor  through  a  rack- mounted  control 
unit.  Multiple  subayatems  can  be  connected  to  a  single  processor.  Both  automatic  and  man¬ 
ual  control  of  tape  handlers  Is  provided.  A  single  magnetic  tape  provides  storage  capacity 
for  approximately  4  million  decimal  digits  of  information.  Each  upe  is  5/8- inch  wide  and 
2400  feet  in  length.  When  running  a  tape.  It  passes  the  read- write  head  at  a  speed  of  60  inches 
per  second;  therefore,  12,000  digits  can  be  read  or  written  per  second. 

Rewinding  of  tape  occurs  at  a  speed  of  120  inches  per  second.  Information  on  magnetic 
tape  is  grouped  in  blocks  consisting  of  303  digits.  The  first  300  digits  are  for  information 
storage,  the  last  three  for  end-of-block  and  parity  codes.  Each  block  is  1. 5  inches  In  length 
with  1/2-lnch  guard  space.  When  Information  is  required,  only  a  number  of  blocks  forward 
or  a  number  of  blocks  back  can  be  addressed.  There  are  approximately  14, 400  blocks  per 
tape. 


Automatic  Typewriters.  The  automatic  typewriter  subsystem  consists  of  1  to  12  Flexo- 
wrlters  connected  to  the  pirocessor  through  a  single  rack  of  electronics.  The  Flexowrlter  le 
the  approximate  size  and  appearance  of  an  office  typewriter.  The  electronics  rack  is  a 
standard,  19-lnch-wlde  rack,  containing  transistor  logic  cards  mounted  in  a  ventilated  cabinet. 

The  prime  function  of  an  automatic  typewriter  is  to  enter  control  Information  into  the 
system  and  receive  control  print  outs.  Flexorlters  operate  In  two,  modes,  edited  and  un¬ 
edited.  Edited  operation  Is  employed  when  information  Is  normally  entered  or  retrieved  from 
the  processor  core-memory.  Unedited  operation  is  usually  used  In  maintaining  the  proces¬ 
sors  or  for  anlayzlng  a  program.  Information  can  be  entered  Into  core-memory  by  direct  key 
depression  or  by  reading  a  punched  paper  bqpe  via  the  paper  tape  read/pundh  attachment 
locj  ted  at  the  left  side  of  Flexowrlters.  Outputs  from  FlexawrlterB  can  be  typed,  punched,  or 
both.  Information  transfer  is  at  an  average  speed  of  9. 5  characters  per  second. 

The  typewriter  subsystem  acts  In  a  completely  independent  manner.  The  processor  can 
continue  processing  while  the  typewriter  is  transferring  data  at  its  relatively  slow  rate.  The 
amount  of  buffering  required  is  negligible  because  of  the  character  transfer  concept.  When  a 
character  la  to  be  transferred  from  or  to  any  equipment  the  transfer  takes  place  on  an  ask- 
receive  basis.  The  automatic  typewriter  can  be  operitted  as  a  standard  typewriter  for  func¬ 
tions  as  page  headings  and  supplementary  notes.  When  the  processor  wishes  to  connect  to 
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tne  typewriter,  4he  operator  l«  signalled  with  a  nashing  light.  The  typewriter  can  be  released 
at  the  bonvenlenced  of  the  operator. 


jPimcned-Cai^  Subeystem.  The  punehed-eard  subsystem  is  used  with  an  IBM  53.4  Kepro- 
duelng  Punch  and/or  40S,  40T,  or  408  Tabulator.  These  machtnss  will  be  directly  connected 
to  the  iuracsssor  by  a  muttlcondudor  oMile.  The  cable  can  be  dlaeonneeted  for  conventional 
utlllsatkm  of  these  machines  whenever  necessary.  Hie  output  from  the  IBM  etiuipment  will  be 
prtnted  reports  or  ipunched  cards.  Tab  card  Information  can  also  be  e'nteied  Into  the  eyetsm 
through  the  514  Reproducing  Punph.  The  reproducer  Is  also  ueed  to  create  punched  cards 
under  Tslsflle  control.;  iThe  punched-card  subeystem  utilises  a  high-speed  core  storage  unit 
to  buffer  the  Information  Of  one  card  to  and  from  the  processor. 


Converter.  The  converter  is  a' special  piece  of  equipment  that  allows  the  following  con- 
verslons  of  lnput-out(ut  media: 

Output 


Paper  Tape 
Punched  Card  (514) 
Magnetic  Tape 
Magnetic  Tape 


Magnetic  Tape 
Magnetic  Tape 
ShinchCd  Card  (514) 
Printer  (403,  407,  40B) 


The  equipment  oonslsta  of  translating  and  speed  converelon  units  to  enable  the  conversions. 
Monitoring  and  parity  chocks  are  carried  throughout  the  equipment. 


The  magnetic-tape  handler,  piinched-card  equipment,  and  p^per  tiqpe  readers,  are  ttose 
used  In  the  Teleflle  system  and  art  interchangeable  with  the  units  directly  connected  to  the 
data  processor. 


Itocal  and  Itemote  Input/Output  Equipment.  Present  Teleflle  eyetems  will  incorporate 
speclilcali^^slgned  counter  top  keyaeta  with  self  contained  printers,  with  which  the  users' 
peratumel  can  draw  out  information  from  the  processors,  and  can  up^e  that  Information  when 
neceiaary. 

These  devices  may  be  located  on  the  .  same  premUee  with  the  proceseore  or  may  be  at  any 
distance  (one  tdock  to  thousands  of  miles)  and  citiU  operate  on-line.  This  is  accomplished  over 
a  private  line  network.  Response  time  Is  1  second  on  a  trunk  circuit,  and  around  4  seconds 
on  tributary  lines.  Regular  teletype  machines  operating  over  existing  lines  may  be  used  in¬ 
stead  of  or  In  place  of  the  special  equipment. 

Communications  Equlpme^.  When  input/output  equipment  is  installed  in  locations  dis¬ 
tant  jr^m  tie  pirocesilor,  special  transmission  equipment  is  located  in  tlie  lines  to  relay  the 
data  mitssages  to  and  from  the  processor. 

Elaborate  networks  can  be  assembled  to  meet  liulivldual  tieeds  using  a  complete  line  of 
special  purpose  data  transmission  and  switching  equipment.  Based  on  traffic  load,  required 
response  time  and  over-all  circuit  economy  1000  bii/second  trunks  can  be  interconnected 
with  slow  speed  tributary  liiies  (7&'bit/Becond)  by  means  of  switching  and  buffering  equipments. 
Individual  high-  or  low-speed  lines  are  arranged  for  multistation  operation;  automatic  switch¬ 
ing  is  available  to  provide  alternate  routing  fallback  in  the  event  of  l^e  or  equipment  failure. 

A  network  using  all  of  these  features  la  now  being  installed  to  serve  one  of  the  largest  airlines. 


COMPURNO  aNTBtS 


ELECTRONIC  DATA  PROCESSING  LABORATORY- THE  AMERICAN  UNIVERSITY- 

WASHINOTON  6,  D.  C. 

The  American  University  has  opened  its  Electronic  Data-Processlug  Laboratory  at  1801 
F  Street,  N.W.  Admlnletratlvely  it  is  a  part  of  the  Center  for  Technology  and  Administration, 


flAhnni  nf  finvurnmAnt  aiwi  Viihiio  A^inini*trstt?s.  At  "rsss!!!  ths  !s!!s?stcr**  ***»"  '** 
a  Royal  McBee  RPC-«600  and  a  libraacope  LOP-SO.  *A  R^~McBe«‘RPC>40OoTs 
added  In  the  future. 

i  The  latnratory  waa  eetabllehed  to: 

t  1.  Prepare  and  teach  programming,  ayeteme,  and  executive  orientation  elaaeaa  for 

f  Royal  McBee  Corporation. 

2.  Aeeiat  faculty  and  studenta  in  reaearch  on  computer  appllcatlona  for  government 
and  bualneas. 

3.  Give  periodic  eemlnara  In  ASPS,  machine  indexing,  and  reaearch  admlnlatratlon. 

4.  Conduct  reaearch  in  numhlne  an>Ucatlona. 


UNIVAC  LARC— UNIVERSITY  OP  CAUFORNIA— BERKELEY,  CALIFORNIA 

Acceptance  of  the  UNIVAC  LARC*  (eee  DCN  October  1BB8  for  preliminary  data),  the 
faatest  and  moat  advanced  computer  ayatem  In  operation  anywhere,  waa  umounced  October  6, 
ld60,  at  the  Univeralty  of  Callfornla'a  lawrence  Radiation  Laboratory,  Livermore,  California. 
The  Laboratory  le  operated  for  the  U.  S.  Atomic  Energy  Commlaalon  by  the  Univeralty. 

The  LARC  (Livermore  Advanced  Reaearch  Computer),  which  la  many  tlmea  faster  th»n 
any  existing  computer  ayatem,  waa  dealgned  and  built  in  PhlladelphU  by  Remington  Rand 
Unlvac,  a  division  of  the  Sperry  Rand  Corporation,  under  contract  with  the  Lawrence  Radiation 
Laboratory. 

The  idea  for  the  LARC  originated  in  1954,  when  Livermore  scientists  decided  they  wished 
to  attack  problems  that  were  too  large  and  too  time-consuming  for  any  existing  computer 
system.  The  huge  solid-state  electronic  digital  computer  which  took  5  years  to  design  and 
build  will  be  used  In  a  variety  of  AEC-supported  research  projects  to  solve  problems  of  almost 
unbelievable  complexity— problems  that  were  unapproachable  with  existing  computer  systems. 

Almost  all  the  LARC's  efforts  will  be  devoted  to  nuclear  weapons  projects  and  fundamental 
studies  of  problems  in  nuclear  physics  of  direct  or  potential  lunpUcatlon  to  the  nation's  weapons 
program.  Among  the  more  Interesting  projects  which  can  be  discussed  Is  one  Involving  the 
behavior  of  neutrons  In  reactors  and  nuclear  weapons.  Here,  the  LARC  sclentMs  will  use  the 
Monte  Carlo  technique  to  determine  the  behavior  of  large  munbers  of  individual  neutrons  under 
a  given  set  of  circumstances. 

For  any  specific  problem,  there  are  only  certain  things  that  can  happen  to  a  neutron.  Fbr 
Instance,  It  may  or  may  not  strike  a  nucleus;  It  If  does.  It  may  combine  with  the  nucleus, 
bounce  off  the  nucleus,  combine  temporarily,  and  then  be  re-released,  or  cause  the  nucleus 
to  fission.  To  decide  which  of  these  events  will  occur  to  an  Individual  neutron,  the  LARC  will 
perform  operations  that  are  similar  to  spinning  a  roulette  wheel.  The  computer  will  generate 
a  series  of  random  numbers,  each  one  of  which  Is  associated  with  one  of  the  possible  events. 
How  many  random  numbers  are  associatled  with  a  specific  event  depends  upon  the  probability 
of  its  happening.  The  computer  will  arbitrarily  select  a  random  number  to  determine  the  be¬ 
havior  of  each  indlvidua?  neutron. 

To  ^?ply  this  technique  to  a  real  problem,  it  is  necessary  for  the  LARC  to  follow  the 
behavior  of  thousands  of  neutrons  simultaneously.  Final  results  will  tell  scientists,  with  a  high 
degree  of  reliability,  exactly  what  conditions  are  necessary  for  a  nuclear  device  to  explode  or 
for  a  nuclear  reactor  to  go  critical. 

Another  important  problem  to  be  analyzed  on  the  LARC  Is  one  advanced  by  Dr.  Edward 
Teller,  associate  director  of  the  Lawrence  Radiation  Laboratory.  The  physicist  will  provide 

'*'For  additional  LARC  information  see  the  David  Taylor  Model  Basin  news  item. 
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iiiv  XmSC  wlui  tuC  fcsitc  sct  si  CTUSilcrj  "rhich  *n  work  iw  naUcB  Bbsanyal.  reore- 

MRtt  th«  atructur*  and  propertlBB  of  the  atomic  nucleua.  Or.  Teller  expects  that  It  will  be  poa- 
alhle  with  the  aid  of  the  LARC  to  predict  stability,  charge  distribution,  and  quadripole  moments 
of  miolel.  One  of  the  many  possible  benefits  to  be  reap^  is  a  more  fundamental  understanding 
of  how  the  process  of  nuclear  fission  takes  place. 

As  time  jpsrmUs,  other,  interesting  probleip*  will  be  attacked  by  the  LARC.  One  of 
these  imtblves  the  development  of  a  system  of  weather  prediction.  Use  of  the  computer  would 
make  it  possible  to  treat  the  Earth's  atmosphere  as  five  separate  layers,  with  simultaneous 
Interaction  between  layers  going  on  continuously.  Data  drawn  from  weather  stations  through¬ 
out  the  nation  on  wind  velocity,  temperature,  pressure,  and  humidity  could  be  recqrded  on 
magnetic  tiqws  and  fed  Into  the  LARC.  From  Its  compidatlona,  the  LARC  would  then  draw  a 
weather  map  for  each  atmospheric  layer.  'Such  weather  maps  would  be  expected  to  provide  a 
degree  of  reliability  In  weather  prediction  never  before  realised. 

Also  under  consideration  Is  the  use  of  tjie  LARC  in  an  attempt  to  solve  the  famous  many- 
body  problem  of  astronomy.  The  problem— which  has  been  studied  by  practically  all  of  the 
great  mathematicians  of  the  past  three  centturles— concerns  three  or  more  astronomical  bodies, 
each  exerting  a  gravitational  attraction  upon  the  others.  A  general  solution  to  the  problem 
would  enable  scientists  to  predict  the  positions  and  motions  of  the  bodies  as  a  result  of  forces 
Interacting  between  them. 

LARC  actually  consists  of  two  Interconnected  computers,  one  of  which  takes  Instructions 
from  the  other.  The  system  Is  almost  completely  transistorized,  containing  some  80, 000 
transistors  and  600  vacuum  tubes  In  the  computers  and  the  liqmt-outpiit  devices.  Its  high¬ 
speed  magnetic  core  naemory  will  store  up  to  97, 600  words,  or  11-dlglt  numbers,  while  an 
additional  6  million  words  may  be  stored  on  high-speeil  drums. 

The  computer  la  capable  of  acting  upon  76  different  types  of  Instructions.  Its  mechanical 
printer  will  print  720  lines  per  minute.  But  for  much  faster  operation,  the  LARC  Is  equipped 
to  display  results  on  the  face  of  a  cathode-ray  tube.  These  results  are  automatically  photo- 
gr^>hed  and  developed  later.  The  photogriqihlG  process  will  record  up  to  9, 600  lines  of  out¬ 
put  per  minute,  and  can  also  be  used  to  draw  graphs  of  results,  plotting  an  average  of 
180,000  points  per  minute. 

A  special  building  has  been  constructed  for  the  LARC.  In  addition  to  the  room  housing 
the  major  units  of  the  computer,  the  building  contains  a  dust-free  room  for  the  magnetic 
drums,  a  room  for  motor  generators,  pmver  supplies  and  cooling  equipment,  and  a  darkroom 
where  films  containing  results  will  be  processed. 


base- LEVEL  OPERATIONS  SYSTEM— CHARLESTON  AFB,  SOUTH  CAROLINA 

A  prototype  program  to  cut  costs  and  streamline  airlift  operations  by  means  of  an  elec¬ 
tronic  computer  Is  being  conducted  by  the  U.  S.  Air  Force  at  the  Charleston  AFB- an  aerial 
port  of  embarkation  for  MATS  flights  to  Europe,  Africa,  and  the  Middle  East,  and  one  of  the 
first  USAF  bases  to  have  its  own  computer.  The  program  which  utilizes  an  IBM  7070  seeks 
to  determine  whether  or  not  centralized  computer  systems  can  be  operated  economically  at 
base  level  throughout  the  Air  Force. 

The  computer  processes  data  for  a  wide  variety  of  base  functions.  Including  an  up-to-the- 
minute  supply  Inventory  system,  aircraft  malntemuice  control.  Installation  engineering,  air 
operations  planning,  personnel  accounting,  and  accounting  finance  operations.  One  of  the  most 
complex  Jobs  assl^d  to  the  computer  Is  the  inventory  control  program.  Details  of  more 
than  40,000  aiqiply  Items  have  been  stored  in  two  large  disk  files.  The  supply  program,  which 
Involves  86, 000  separate  Instructions  to  the  computer,  Is  one  of  the  largest  single  programs 
ever  written  for  a  business-type  computer. 

There  Is  a  remote  Inquiry  station  located  In  the  base  warehouse,  a  quarter  of  a  mile  away. 
Whenever  Items  are  requested,  a  punch  card  is  punched  and  inserted  into  the  remote  Inquiry 
unit.  The  computer  then  checks  the  Inventory,  withdraws  a  record  of  the  Items,  updates  the 
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balance,  charges  the  proper  account,  and  also  prints  out  apDrooriate  issua  alina  nn  an  ai^- 
U'ic  lytiewriier  ai  the  inquiry  Station.  It  has  been  estimated  that  more  than  90,000  similar 
transactions  are  made  each  month  at  the  base*  When  an  Item  readies  a  specUled  low  level, 
the  machine  will  refuse  to  authorize  the  issue,  unless  given  a  special  priority  number. 

The  system  also  has  been  programmed  to  handle  security-classified  materials*  A  special 
code,  known  only  to  those  personnel  who  are  responsible  for  the  information,  must  be  kqred 
into  the  machine  along  with  other  data*  When  this  special  code  is  not  used,  the  machine  prints 
a  reject  notice  which  informs  the  operator  that  the  requested  Information  is  not  authorized. 

The  computer  will  process  dally  records  on  aircraft  maintenance-preparing  reports  on 
labor-and- material  distribution,  status  of  production,  and  other  cost' items  for  a  work  force  of 
1800  maintenance  personnel*  Such  data  will  permit  maintenance  managers  to  recommend  im¬ 
provements  In  aircraft  design* 

Maintenance  data  will  be  incorporated  Into  alr-operatlons  applications,  thus  providing 
current  status  of  all  aircraft  at  home  and  away.  The  computer  will  also  be  used  to  assist  in 
scheduling  aircraft,  crews,  passenger  loads,  and  cargo- carrying  capabilities  on  a  day-to-day 
basis.  Approximately  70  aircraft  compose  the  MATS  Wing  at  Charleston*  The  Wing  aircraft 
transport  nearly  8000  military  passengers  and  800  tons  of  cargo  monthly  between  Charleston 
and  U*  S.  military  installations  in  Europe,  Africa,  Saudi  Arabia,  and  the  Caribbean  area. 
Included  in  the  Wing  mission  is  the  airlift  support  of  the  down- range  missile  tracking  sites, 
extending  from  Cape  Canaveral,  Fla* ,  to  Ascension  Island  in  the  South  Atlantic* 

MANIAC  ra— UNIVERSITY  OF  CHICAGO,  INSTITUTE  FOR  COMPUTER  RESEARCH— 

CHICAGO,  ILUNOIS 

Maniac  m  (see  DCN  July  1960)  has  logged  more  than  400  hours  of  testing,  during  which 
its  arithmetic  and  logical  and  indexing  instructions  have  been  checked  as  they  have  been  in¬ 
stalled.  In  addition,  it  has  been  used  to  test  the  individual  planes  of  its  core  memory,  prior 
to  assembly*  The  programs  for  these  tests  were  stored  in  the  eight  transistor  storage  regis¬ 
ters  which  are  associated  with  th^  computer*  With  the  core  plane  testing  completed,  half  of 
the  core  assembly  has  been  installed  in  the  computer  and  the  memory  is  now  in  service  for 
the  remainder  of  testing,  with  4000  words  of  storage  available* 

Testing  time  is  now  being  shared  with  the  programming  staff  which  is  doing  the  Initial 
checking  of  the  assembly  program*  Installation  of  the  magnetic  tape  and  high-speed  printer 
control  Is  In  process. 

LARC  DBLIVERY-DAVID  TAYLOR  MODEL  BASIN-WASHINGTON,  D*  C* 

The  LARC  Computer  System'^  was  delivered  to  the  Applied  Mathematics  laboratory  of  the 
David  Taylor  Model  Basin  (DTMB)  on  28  October  1960  by  the  Remington  Rand  Unlvac  Division 
of  Sperry  Rand  Corporation,  and  it  has  been  operated  by  the  Navy  since  February  1961* 

The  configuration  of  the  DTMB  LARC  System  Is  as  follows; 

Computing  Unit  (C,  U. } 

Input-Output  Processor  (I.  L.  P. ) 

4  Read-Write,  Magnetic-Tape  Synchronizers 

2  Read  Drum  Synchronizers 

1  Write  Drum  Synchronizer 

3  million  12-dlglt-word  Drum  Memory 

Operator's  Console 

600-line-per-mlnute,  On-Line  Printer 

The  LARC  Is  a  multicomputer  system  (see  DCN  January  1958).  Two  main  computers, 
the  C*  U.  and  the  I.  O*  P* ,  operate  simultaneously,  cooperating  on  the  solution  of  a  problem, 
and  each  is  controlled  by  Its  own  program  written  in  its  own  language. 

*For  additional  LARC  information  see  University  of  California  news  item. 


A«  much  equipment  ee  poeelble  li  operated  almuUaneoualy  for  apeed  and  economy.  All 
the  peripheral  equipment  la  controlled  eynchronlzere  which  permit  two  di^ma  to  be  read, 
one  to  be  written,  lour  tiq>ea  to  be  read  or  written,  and  the  On-Line- Printer  to  print,  while 
the  Inimt-Output  Proceaaor  la  carrying  on  aome  aubaidiary  program,  auch  aa  editing  and  the 
Computing  Unit  la  performing  high-apeed  arithmetic  operatlona  without  interruption. 

The  high- apeed  computational  abllltlea  are  further  exploited  by  having  the  C.  U.  proceaa 
parta  of  five  aequentlal  Inatructlona  at  once,  and  making  each  2500- Word  Memory  unit  inde¬ 
pendently  acceaaible.  Every  inatructlon  la  automatically  index- reglater  or  B-box  modified; 
alngle  (11-decimal  digit)  and  double  (22-declmal  digit)  preclalon  aa  well  aa  fixed-point  and 
floating-point  arithmetic  are  available. 

Reliability  la  built  Into  the  ayatem  through  extenalve  checking  featurea;  both  the  odd-even 
parity  and  complementary  logic  are  extenalvely  employed.  The  Individual  clrcutta  are  com¬ 
bined  on  10,000  pluggable  printed- circuit  cards  for  ease  of  maintenance. 

The  performance  teat,  devised  by  the  Navy,  waa  scheduled  to  run  3  days,  7  hours,  and 
20  minutes  dally,  with  downtime  limited  to  45  minutes  per  day.  To  meet  the  performance  test,  ' 
the  LARC  on  the  third  day  processed  8  billion  bits  of  Information  from  the  tape  systems  a  tone 
with  no  downtime  In  the  7-hour  and  20- minute  alloted  time  period  to  achieve  a  performance  of 
ono  error  per  1  billion  bits  of  Information.  This  Involved  16  Unlservos  with  five  of  the  16 
operating  simultaneously. 

Using  12  drums,  a  basic  part  of  the  system  with  three  out  of  every  12  reading  and  writing 
continuously  and  simultaneously,  the  liARC  processed  32  billion  bits  of  Information  during  the 
7-hour  and  20-mlnute  period  for  a  performance  of  one  error  in  three  billion  bits  of  Informa¬ 
tion.  The  7-hour  and  20-mlnute  dally  running  time  vras  established  by  setting  test  units  for 
periods  of  10-minute  duration,  44  units  to  a  day.  Downtime,  In  this  frame  of  reference,  re¬ 
sults  from  occurrence  of  an  error  neceasitatlng  a  re-run  of  the  10- minute  period. 

UUIC  will  be  used  In  carrying  out  calculations  Involved  in  the  solution  of  naval  problems 
In  the  fields  of  engineering,  research,  management  data  analysis,  and  operations  research. 

Mathematicians  at  DTMB’S  Applied  Mathematics  Laboratory  have  been  utilizing  high-^peed 
computer  devices  for  Uie  past  9  years  In  solving  naval  engineering  problems  in  the  design  of 
nuclear  reactors  for  ships  such  as  NAUTILUS  Slid  SEA  WOLF;  In  the  calculation  of  fallout 
patterns  and  propeller  characteristics;  in  the  analysis  of  coUi^se  pressures  of  submarine 
hulls;  In  the  calculation  of  phased  m^erlal  I'eiiulreraents  In  shipbuilding  programs;  and  in  many 
other  4n>iiCKtlons. 

Three-dimensional  mathematical  models  of  nuclear  reactors  will  be  constructed  In  the 
LARC  which  will  enable  the  design  engineer  to  study  and  compare  varying  designs  in  a  highly 
compressed  period  of  tlpie.  Other  problems  being  considered  for  solution  on  the  LARC  sys¬ 
tem  includB:  (a)  the  development  of.  a  digital  method  for  spectrum  analysis  of  ocean  wave 
patterns,  and  (b)  calculations  related  to  the  design  of  large  arrays  of  transducers  and  the 
analysis  of  magnetic  fields  for  minesweeping  operations. 


HIGH-SPEED  INFORMATION  RETRIEVAL-U.  S.  NAVAL  ORDNANCE  LABORATORY- 

SILVER  SPRING,  MARYLAND 

Literature  searches  which  have  taken  several  librarians  over  a  week  to  complete  are 
being  accomplished  In  15  minutes  at  the  Naval  Ordnance  Laboratory  (NOL)  In  Silver  Spring, 
Maryland.  The  system  uses  an  IBM- 704  computer  and  single  roll  of  magnetic  computer  tape, 
containing  Information  from  thousands  of  library  reference  cards.  Data  on  the  master  tape 
Includes  detailed  and  cross-referenced  Information  on  technical  reports— representing  defense 
projects  in  such  fields  as  aeroballlstics,  chemistry,  and  physics.  The  computer  scans  the 
master  tape  at  the  rate  of  1000  reports  a  second  and  produces  a  complete  listing  of  those  con¬ 
cerning  a  specific  subject. 
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The  new  S)  atein  representa  a.  conaidereble  aavlngs  of  money,  time,  and  effort  for  the 
Laboratory.  2ven  with  the  coat  of  the  computer  belnv  9300  an  hour,  the  coat  per  query  la 
calculated  to  be  $1. 38,  only  a  quarter  aa  much  aa  that  of  a  manual  aeareh. 

Made  once  a  day,  the  high-speed  aearchea  hare  utlllced  the  computer  from  8  to  10  mlnutea 
for  aa  many  aa  00  querlaa. 

Reporta  can  be  filed  on  the  maater  tape  In  any  aequence  daalred.  For  example,  they  can 
be  arranged  chronologically.  Hated  acceaalon  number,  or  grouped  together  according  to 
their  security  claaalflcatlon,  Whenahlgh-apeed  aeareh  la  neceaaary,  code  worda  deacrltog 
the  ddaired  auhjact  are  punched  on  IBM  cwda.  Theae  carda  and  a  magnetic  tape,  containing 
programming  Inatructlona,  are  fed  into  ^e  computer  which  aearchea  the  maater  tape  for  the 
relevant. reporta.  'Within  aeconda,  theae  reporta  are  recorded  on  an  output  tape-whlch  la  pro- 
ceaaed  by  a  printer  to  produce  a  complete  Hating  of  all  the  reporta  on  the  apeclfic  aubject. 

The  key  to  the  tape  la  a  aubject  code  dictionary  contsHnlng  code  terma  which  deacrlbe  the 
reporta  reglatered  on  the  maater  memory  tape.  Each  report  la  repreaented  by  a  alngle  code 
group  or  a  combination  of  theae  groups.  Additional  code  terma  are  added  to  the  dlettonary 
from  time  to  time  to  repreaent  the  expanding  body  of  data  on  the  maater  ttqM. 

NOL'a  Library,  In  cooperation  with  the  NOL  Mathematics  Department,  la  reasonalble 
tor  the  operation  of  the  new  Information  Retrieval  System.  Coding  of  new  reporta  for  record¬ 
ing  on  the  magnetic  tape  la  done  by  the  Library  ataff  while  programming  la  the  reaponalblUty 
of  the  Mathematics  Department.. 


COMPUTATION  CENTER— -U.  S.  NAVAL  WEAPONS  LABORATORY— 

DAHLOREN,  VIRGINIA 

IBM  7090  Installation.  An  IBM  7090  computer  was  installed  In  September  1900;  second- 
ahlft  operation  began  In  February,  and  a  third  shift  is  planned  within  several  months.  An 
IBM  1401  has  been  InstaUed  as  an  Input-output  auxillai^  to  the  7090. 

NORC  Alphanumeric  Compiler.  Acquisition  of  the  30, 000-word  memory  for  the  NORC 
computer  made  possible  the  preparation  of  an  alphanumeric  compiler  which  haa  been  com¬ 
pleted  and  used  for  compiling  several  major  programs.  This  compiler,  described  in  tiWL 
Technical  Memo  E-33/S9  (Revised),  performs  the  following  services!  ordering  the  cpdlng, 
converting  coding  to  machine  language,  making  up  and  assembling  subroutines,  and  facUltatlng 
segmentation. 

Space  Surveillance  System  Commleatontng.  The  U.  S.  Naval  Quice  Surveillance  System 
(NAVSPASUR)  was  commissioned  on  1  Februuy  1901,  in  a  ceremony  held  at  the  U.  S.  Na^'al 
Weapons  Laboratory.  NAVSPASUR  uses  the  faclUtlea  and  staff  of  the  Computation  Center 
to  process  satellite  observational  data  and  produce  optput,  such  aa  orbital  elements  and 
ephemerldes,  for  the  North  American  Air  Defense  Command  (NORAD).  This  new  operating 
unit  of  the  Navy,  with  headquarters  located  at  the  U.  S.  Naval  Weapons  Laboratory,  is  under 
the  operational  control  of  NORAD. 


COMPUTER  SYSTEMS  AND  APPUCATIONS-U.  S.  NAVY,  BUREAU  OF  SHIPS- 

WASHINGTON  35,  D.  C. 

The  Bureau  of  Ships  has  four  contracts  for  studies  to  ^?ply  the  principles  of  Operations 
Research  to  production  planning  and  control  problems  that  require  the  use  of  electronic  com¬ 
puters  In  naval  shipyards.  Mauchly  Associates,  Inc. ,  Rensselaer  Polytechnic  Institute, 
Carnegie  Institute  of  Technology,  and  M.  I.  T.  are  the  contractors  for  this  research. 

Mauchly  Associates,  Inc. ,  has  successfuUy  completed  a  feasiblUty  study  at  Philadelphia 
Naval  Shipyard.  The  critical  Path  Scheduling  Method  which  contains  many  of  the  features  of 
PERT  was  used  to  schedule,  by  computer,  the  overhaul  of  the  Entemedor  (SSS40)  fh  paraUel 
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wun  conventional  acheduling.  Reaulta  to  date  have  proven  the  feaalbllity  of  utilising  the  Crit¬ 
ical  Path  Technliiue  for  acheduling  shlpwork,  and  have  Indicated  that  many  important  Improve- 
manta  In  acheduling  and  manpower  utlUaatlon  can  be  obtained. 

Pilot  projecta  are  planned  for  ulUlalng  the  Critical  Path  Scheduling  Method  for  computer 
acheduling  of  the  conatructlon  of  one  ahip  and  of  the  overhaula  of  a  amall  groiq^  of  ah^ia. 


VmUSS  RETIREMENT- WESTERN  RESERVE  UNIVERSTTY- 
CLEVELAND,  OHIO 

The  Weatem  Reaerve  Unlveralty  Searching  Selector,  a  relay  logical  machine,  haa  been 
retired  from  active  operational  aervice  after  having  aerved  a  vary  Important  puri^ae.  The 
prlnclplea  and  logic  for  Information  retrieval  have  been  adequately  demonatrated  on  an  opera¬ 
tional  level.  In  Ita  retirement  the  WRUSS  will,  be  uaed  by  atudenta  aa  an  educational  and  ex¬ 
perimental  tool. 

The  Documentation  Center  la  acquiring  a  OE-228  which  la  acheduled  for  Inatallation 
during  February  1B61.  The  OE-225  la  a  tranalatorlzed  general-purpoae  computer  with  an 
18-mlcroaecond  acceaa  time  and  a  total  of  38-mlcroaecond  add  time.  The  inatallation  will 
contain  8103-word  core  memory  and  a  dual-tape  unit.  A  program  to  almulate  the  logic  of  the 
WRUSS  for  information  retrieval  la  In  preparation  and  will  be  available  for  uae  at  the  time  of 
Inatallation.  Becauae  of  high-apeed  capabllitlea  of  the  computer,  the  aearchlng  time  of 
the  operational  phaae  of  the  Documentation  Center  wUl  be  reduced  aubatantially.  Aa  a  reault. 
It  la  hoped  that  computer  time  will  become  available  for  other  educational  and  reaearch  pur- 
aulta  on  the  campua. 

In  the  Interim,  aearchea  are  being  conducted  at  0.  E.  In  Phoenix  on  the  NRC  304.  Thla 
lervea  a  dual  purpoae;  (1)  A  large-volume  aearch-too  time-conauming  for  the  WRUSS-la 
now  being  carried  out.  (2)  A  great  deal  la  being  learned  about  the  almulatlon  of  the  Search¬ 
ing  Selector  logic  in  a  general-purpose  computer. 


COMPUTERS  AND  C0mRS,  OVBISEAS 

XI INPUT-OUTPUT-N.  V.  ELECTROLOOICA-AM8TERDAM,  HOLLAND 

The  Xl  Computer  (aee  DCN  April  1989}  Is  now  equipped  to  handle  the  following  Input- 
output  equipment: 

1.  Magnetic  Tape-Up  to  sixteen  1/2-lnch  tape  units,  each  with  a  tape  speed  of 
30,000  digits  per  second. 

2.  High-Speed  Printer— Mechanical  type  with  a  speed  of  10  lines  per  minutes,  120 
digits  per  line. 

3.  High-Speed  Tape  Punch— 300  digits  per  second. 

4.  High-Speed  Tape  Reader— 1000  digits  per  second. 


FERRANTI  COMPUTER  MODELS— FERRANTI,  LTD.— LONDON,  ENGLAND 

Since  the  Computer  Department  began  Just  over  10  years  ago,  82  machines  have  been 
delivered  to  customera  and  a  further  31  have  been  ordered.  The  range  Includes: 

Model  Mmllcatlor  Quantity 

Pegasus  1  General-purpose  computing  system  28 

Pegasus  2  A  version  of  above  for  commercial  data  processing  12 
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Model 


Appltottoh 


Quentlty 


Mercury  Kigh-epeed  mMcaiiie  m»iiuy  lur  •uitiiiluiu 

calculatloM 

PerMua  Commercial  data>proceHlng  ayaUm 

Orion  Time-shared  Iranelaiortsed  COmpuUiii  ayatom 

for  iMainaaa  or  acienUfic  uaaa 
Atlaa  High-apeed  tranaiatoriaed  computer 

Slriua  Small  tranaiatoriaed  machine,  mainly  lor 

^ngmeerlng  calculationa 

Argus  Tranaiatoriaed  proceaa- control  computer 

Apollo  Special-purpoae  computer  for  air-ti^lc 

control  dat?  proceaalng 

Mark  I  Early  dealgn  of  scientific  computer,  production 

and  I*  discontinued 


a  allocated 
1 

6 


ORION —FERAMTl,  LTD.— LONDON,  ENGLAND 

The  first  machine  Is  scheduled  to  be  completed  in  early  1901.  The  Orion  price  is  In  the 
range  of  £120, 000  -  MOO,  000  depending  on  the  peripheral  equipment  required.  The  machine 
is  designed  to  be  equally  suitable  for  business  and  aclantiflc  applications.  It  enables  a  busi¬ 
ness  to  Introduce  automation  of  Its  work  by  stages,  until  eventually  every  aspect  of  its  opera¬ 
tions  has  been  brought  under  an  Integrated  system  of  control. 

The  outstanding  design  features  of  the  computing  system  are:  (a)  its  time-sharing  mode 
of  operations,  (b)  Its  reliability,  relatively  small  slxe  and  low  power  consumption  resulting  from 
transistor  and  magnetic-core  circuitry,  (c)  Its  ablUty  to  cperate  with  a  wide  variety  of  periph¬ 
eral  units  working  at  different  speeds,  (d)  its  avoidance  of  costly  off-line  electronic  equip¬ 
ment  and  buffer  storage,  and  (e)  Its  large-capacity,  quick-access  working  store.  The  descrip¬ 
tion  "high  speed"  is  becoming  meaningless  nowadays,  being  a  purely  relative  term,  but  the 
Orion  is  certainly  fast  by  any  standards  (actually  about  four  times  as  fast  as  the  Mercury 
machine).  Addition  and  subtraction  operations,  for  qxample,  are  performed  in  about  50 
microseeonds-about  20,000  operations  per  second. 

From  the  user's  point  of  view,  the  Orion  has  the  distinction  of  being  a  machine  whose  de¬ 
sign  has  been  guided  by  users-that  is  to  say,  by  programming  and  applications  eq;>erts  rather 
than  by  electronics  engineers.  Naturally,  the  design  of  the  "hardware”  has  been  done  by 
engineers,  but  the  over-all  organization  of  the  machine,  the  planning  of  facilities,  and  the 
specification  of  operating  requirements  have  been  very  much  the  concern  of  people  who  work 
with  computers  and  are  In  constant  touch  with  the  problems  of  users.  One  of  the  early  con¬ 
clusions  reached  by  the  designers  In  planning  the  machine  was  that  the  requirements  of  busi¬ 
ness  and  scientific  users  of  computers  are  not  so  incompatible  as  is  generally  thougU.  As  a 
result,  it  has  been  possible  to  produce  a  machine  equally  suitable  for  business  and  scientific 
iqipUcatlons. 

Another  conclusion  reached  In  the  early  stages  of  investigation  was  that  most  users  need 
an  expandable  computing  system.  It  can  start  as  a  basic  electronic  unit  with  the  minimum  of 
liqiut  and  output  equipment,  and  extra  peripheral  units  can  be  added  as  increasing  eiqperience 
and  the  changing  requirements  of  the  user  show  (hem  to  be  necessary. 

With  earlier  computer  designs,  this  problem  was  proving  difficult  and  expensive  to  solve 
because  It  entailed  extra  electronic  circuitry  for  controlling  the  additional  peripheral  units. 

In  fact.  It  was  nqpldly  being  discovered  that  such  auxiliary  electronic  equipment  could  become 
as  big  and  extensive  as  the  centra?  computer  itself.  With  Orion,  however,  the  tlme>-sharlrg 
mode  of  operating  enables  all  the  functions  of  controlling  the  peripheral  units  to  be  handled  by 
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tha  cantral  computing  circuits.  The  deilgn  of  the  machine  la  such  that  the  additional  circuitry 
is  small  and  easily  incorporated. 

Before  going  Into  detalla.  It  might  be  well  to  look  at  time*sharing  in  a  general  way.  How 
does  It  operate,  and  what  advantages  does  it  offer?  One  usually  says  that  it  enables  several 
computer  programmes  to  be  run  "simultaneously"  or  "concurrently. "  These  words  are  cer¬ 
tainly  true  If  one  surveys  what  happens  In  a  time- sharing  computer  over  a  period  of  the  order 
of  minutes.  But,  in  fact,  the  IndMdual  mathematical  and  other  operatlona  can  only  be  done  on 
one  programme  at  a  time,  since  there  Is  only  one  central  arithmetic  and  control  section,  ft  is 
the  time  of  this  central  section  which  is  shared  between  the  various  programmes. 

For  example,  a  short  sequence  of  operations  might  be  done  on  Programme  1,  then  a  short 
sequence  on  Programme  3,  then  perhaps  another  period  on  Programme  1,  followed  fay  a  short 
sequence  on  Programme  3.  These  periods  have  different  durations  but  are  generally  In  the 
range  of  milliseconds  to  seconds;  so  that  over  a  longer  Interval  of,  say,  several  minutes,  the 
net  effect  Is  that  all  programmes  have  progressed  simultaneously. 

The  advantage  of  time  sharing  Is  that  It  enables  more  computation  to  be  performed  in  a 
given  time  by  a  given  size  of  computer,  because  It  cnaures  mere  efficient  utilization  of  the 
actual  computing  circuits.  In  conventional  computer  systems  some  of  the  electronic  circuits 
are  not  utilized  to  the  full  but  are  kept  idle  for  quits  lengthy  periods.  This  Is  because  the 
electronic  circuits  work  very  fast  In  relation  to  the  speed  of  the  electromechanical  input  and 
output  equipment.  A  computer  programme  usually  contains  two  main  classes  of  operations; 

(a)  transfer  operations  In  which  data  are  read  from  punched  cards  or  tape  Into  a  store  or 
written  out  from  the  store  on  to  cards  or  tape  and  (b)  computing  operations  in  which  arithmet¬ 
ical  processes  are  performed  by  electronic  circuits  on  the  data  in  the  store.  These  operations 
are  interspersed  according  to  the  sequence  laid  down  In  the  programme.  The  process  of  trans¬ 
ferring  numbers  between  the  input  or  output  equipment  and  the  store  generally  takes  much 
longer  than  the  electronic  operations  performed  on  the  numbers-perhaps  100  to  1000  times 
longer.  As  a  result,  some  of  the  electronic  circuits  have  to  wait  Idle  for  comparatively  long 
periods  between  bursts  of  activity.  With  the  time-sharing  technique  these  long  periods  are  not 
Idle  but  are  filled  with  activity  on  other  programmes.  For  example,  while  input  data  for  Pro¬ 
gramme  1  is  being  read  In,  the  computing  circuits  might  be  performing  on  Programme  2  data 
which  has  been  previously  read  In  and  stored.  If  Programme  2  now  calls  for  Input  data  to  be 
written  out  and  Programme  1  is  still  reading  in  data,  the  computing  circuits  do  not  stop  work¬ 
ing  but  switch  to  operations  on  Programme  3.  By  the  time  Pr  ogramme  3  calls  for  more  data 
the  readlng-ln  or  Programme  1  may  be  complete,  so  the  computing  circuits  switch  back  and 
start  performing  operations  on  the  Programme  1  data  now  available. 

For  this  kind  of  procedure  to  work  efficiently,  it  Is  necessary  for  the  computing  circuits— 
when  they  have  to  stop  for  a  data  transfer  In  one  programme— to  be  able  to  start  work  "imme¬ 
diately"  on  the  stored  numbers  of  another  programme.  This  means  that  each  programme,  as 
well  as  having  Its  own  Input  and  output  equipment,  must  also  have  Its  own  section  of  the  work¬ 
ing  store,  and  the  method  of  storage  must  give  quick  access  to  the  data.  Furthermore,  as 
the  working  store  must  handle  not  one  but  several  programmes,  its  capacity  must  be  appro¬ 
priately  large. 

In  the  Orion  these  demands  are  met  by  a  magnetic-core  working  store  with  a  basic  capac¬ 
ity  of  4096  words,  extendable  to  32, 000  words  according  to  the  number  and  scope  of  the  pro¬ 
grammes  to  be  handled.  Each  computer  word  contains  48  binary  digits,  and  all  of  the  digits 
of  a  word  are  transferred  into  or  out  of  the  store  in  parallel  In  12  microseconds. 

The  working  store  might  be  split  into  three  Independent  sections  for  three  different 
programmes— sorting  and  selectii^  data,  prlntlns;oui^utdata,  and  checking  data.  The  program¬ 
mer,  however,  does  not  have  to  worry  ab^  the  allocation  of  data  to  particular  sections  of  the 
store.  He  only  writes  down  the  storage  capacity  required  and  the  computer  automatically 
reserves  the  actual  storage  locations  and  prints  them  out  on  a  Flexowrlter  electric  typewriter. 
This  process  Is  done  by  means  of  a  special  store  programme.  Tho  reserve  storage  locations 
belonging  to  one  programme  cannot  be  accidentally  used  by  the  machine  when  working  on 
another  programme,  because  there  Is  an  electronic  system  of  safeguards  called  "lockouts"  to 
prevent  this. 


The  programmer  does  not  have  to  worry,  either,  about  the  artual  sequence  In  which  the 
time  of  the  computing  circuits  Is  shared  between  the  various  programmes.  This  saqusnee  is 
controlled  automatically  by  a  special  “organization"  programme,  permanently  stored  in  the 
machine  which  works  on  a  system  of  priorities.  Every  time  the  operation  of  the  central  eom> 
puting  circuits  Is  held  up  because  a  transfer  of  data  has  to  take  plMe,  the  organisation  pro- 
gramme  surveys  all  the  stored  programmes  and  decides  which  one  has  the  highest  priority 
and  should  be  worked  on  next.  The  priorities  depend  on  the  nature  of  the  programmes  and  on 
the  associated  input  and  output  equipment. 

By  suitable  planning  of  the  organization  programme  and  the  system  of  priorities,  it  Is 
possible  to  deploy  the  facilities  of  the  computer  In  a  very  efficient  way  on  widely  differing 
programmes  and  with  widely  differing  types  of  input  and  output  equipment.  For  example,  It  Is 
possible  to  run  scientific  programmes,  which  tend  to  make  more  efficient  use  of  the  arithmetic 
circuits,  at  the  same  time  as  commercial  data  transcription  programmes,  which  tend  to  make 
more  efficient  use  of  the  peripheral  units.  High-speed  output  printers,  which  cannot  be  oper¬ 
ated  intermittently,  can  te  given  high  priority  In  relation  to  other  units  not  restricted  in  this 
way. 


The  advantages  of  time-sharing  to  a  commercial  user  are  bound  up  with  the  use  made  of 
peripheral  equipments.  To  the  scientific  user,  whose  problems  are  mainly  concerned  with 
computation,  the  advantages  are  not  so  apparent.  One  of  the  most  Important  advantages  for 
the  scientist,  however,  Is  that  he  can  obUln  his  programme  development  time  "free. "  Pro¬ 
gramme  development  usually  Involves  short  runs  on  the  computer  with  lengthy  periods  for 
thought  between.  By  keeping  the  programme  under  development  permanently  In  the  computer 
and  interrupting  the  other  main  programme  for  a  short  period  every  few  minutes  to  work  on 
it,  very  little  computer  time  is  used  but  a  great  deal  of  development  time  is  made  available. 

The  system  of  reservations  and  lockouts  Is  such  that  even  a  completely  untested  programme 
can  be  run  quite  safely  at  the  same  time  as  a  "production"  programme  without  any  possible 
danger  of  mutual  Interference. 

The  normal  Input  units  are  flO-column,  punched-uard  readers  and  7-hole,  punched-paper 
tape  readers.  For  output  data,  there  are  corresponding  card  and  tape  punches  and  a  high¬ 
speed  xerographic  printer  with  240  characters  per  line.  Mechanical  output  printers  and 
tabulators  are  also  available.  Backlng-up  storage  Is  provided  by  magnetic  drums,  each  of 
16, 384-word  capacity,  while  the  Job  of  file  storage,  as  required  tor  large  batches  of  commer¬ 
cial  data,  la  done  by  magnetic-tape  stores.  The  magnetic-tape  units  operate  at  the  high  speed 
of  90, 000  characters  per  second  (continuous  recording  or  reading)  and  up  to  four  of  them  can 
be  ntn  simultaneously.  This  enables  updating  of  files  to  be  done  on  a  dally  basis. 

Pure  binary  code  Is  used  for  the  number  system  within  the  machine  and,  as  already  men¬ 
tioned,  the  arithmetic  and  control  operations  are  performed  by  transistor  and  magnetic-core 
circuits.  Each  circuit  element  Is  called  a  “neuron"— Its  functional  behaviour  being'  roughly 
comparable  with  that  of  an  animal  nerve  cell.  In  this  mode  of  operation,  the  binary  output 
state  ol  a  magnetic-core,  0  or  1,  at  any  moment  Is  determined  on  a  statistical  basis  by  the 
pattern  of  0  and  1  Input  signals.  The  arithmetic  unit  built  up  from  these  logical  elements  works 
In  semiparallel— that  Is,  It  does  not  handle  all  48  binary  digits  of  a  word  simultaneously  but  in 
two  lots  of  24  binary  digits. 


MATHEMATICS  SECTION— NORWEGIAN  DEFENCt:  HESEARCH  ESTABLISHMENT— 

ULLESTR0M,  NORWAY 

The  Mathematics  Section  of  the  Norwegian  Defence  Research  Establishment,  working  with 
a  Ferranti  Mercury  computer,  has  experienced  a  rapidly  expanding  increase  In  demand  for 
electronic  computation  during  the  last  year,  both  from  defence  and  civilian  Institutions.  Con¬ 
sequently,  the  number  of  scientists  directly  or  Indirectly  connected  with  the  computer  shows 
a  oar,stantly  growing  trend.  At  present  there  are  10  programmers  working  with  the  Section  and 
some  20  more  doing  regular  programming  jobs  on  their  own. 

The  Section  Is  working  with  several  projects  In  the  line  of  autocodo  programmes  Including 
one  complete  "Autocode  for  the  Mercury  Computer"  which  in  Its  present  state  can  tackle  minor 
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problema  only.  It  1b  intended,  In  ita  final  shape,  however,  to  cover  moat  of  the  ALGOL  lan¬ 
guage  aa  well  aa  aome  additional  features.  Also  under  development  la  a  matrix  Interpretative 
acheme,  and  under  conaideration  la  an  extension  of  the  present  input  JProgramme  to  include 
macro  orders  of  arbitrary  complexity. 

The  NDBB  computer,  a  prototype  Mercury,  has  shown  an  undesirably  low  efficiency  for 
some  time  mainly  because  the  original  magnetic  drums  were  Inferior  in  construction  to  the 
later  serial  numbers.  The  old  drums  were  replaced  by  new  models  In  late  Noi’ember,  and  it 
Is  hoped  that  this  will  considerably  improve  operating  statistics.  Also  at  the  same  time, 
faclUtlee  for  multichannel  input/output  were  built  Into  the  computer. 


DATA  TRANSMISSIOI.  AND  TRAFnC  SIMULATION— STANDARD  TELECOMMUNICATION 
LABORATORIES,  LTD.  —LONDON,  ENGLAND 

Data  Trysmlsslon.  Data  transmitted  over  ordinary  telephone  lines  (In  cooperation  with 
the  G.  P.  O. )  are  received  and  compared  with  a  locally  delayed  version  of  what  was  sent. 
Errors  cause  an  output  five-hole  paper  tape  to  be  punched  at,  for  example,  200  characters 
per  second,  together  with  code  symbols  that  indicate  the  repkltlon  number  of  the  data  responsi¬ 
ble  for  the  error. 

These  tapes  are  processed  by  a  ST ANTEC- ZEBRA  computer  to  produce  a  paper  tape  of 
"plain  language"  statements  describing  the  time  of  each  error  In  Its  particular  repetition. 

These  paper  tapes  are  again  processed  to  give  lists  of  special  cases  indicating  the  number  of 
errors  which  would  have  been  undetected.  If  the  data  transmission  had  been  provided  with 
various  parity-error  detecting  schemes. 

The  results  can  be  used  to  indicate  a  reasonable  error-detecting  scheme,  thereby  yielding 
statistical  Information  about  real  noise. 

Telephone  Traffic  Simulation.  Computer  Simulation  of  traffic  flowing  in  a  simplified 
10,  OM  line  T.  D.  M.  exchange  has  shown  that  the  traffic-carrying  capacity  is  15-percent 
greater  than  would  be  expected  from  a  theoretical  formula.  This  extra  efficiency  was  expected, 
a  Is  caused  by  the  sequential-hunting  rule  and  by  the  slight  Interdependence  of  the  traffic  flow¬ 
ing  in  various  parts  of  the  exchange;  the  formula  assumes  random  hunting  and  Independence  of 
traffic. 

The  basic  problem  of  himtlng  through  two  crossbar  switches  in  series,  each  with  limited 
availability,  has  also  been  successfully  simulated.  Results  are  In  good  agreement  with  other 
empirical  methods  of  switch  design,  given  In  the  standard  text  books. 


COMPONB4T5I 


CHARACTER  RE  COGNITION- RABINOW  ENGINEERIl'TG  COMPANY- 
WASHINGTON  12,  D.  C. 

The  RatHnow  Engineering  Company,  7212  New  Hampshire  Avenue,  Washington  12,  D.  C. , 
has  been  actively  engaged  in  the  character  and  pattern  recognition  field  since  the  firm's 
organisation,  though  the  first  such  machine  was  contructed  by  the  company  in  1957,  Mr. 
Rablnow  conceived  and  built  a  character  reader  In  1951  while  at  the  National  Bureau  of 
Sirndards.  This  early  machine  used  a  mechanical  scanning  technique  which  employed  a  Nip- 
kow  dluc  and  an  optical  mask.  A  symbol  was  chosen  on  the  basis  of  best  match— 1.  e. ,  mini¬ 
mum  transmission  of  light— aa  detected  by  a  single  photomult4>ller  tube.  The  machine  was 
relatively  slow,  since  each  input  character  had  to  be  compared  against  every  character  on  the 
mask  serially.  The  reader  input  consisted  of  numbers  and  letters  of  an  ordinary  commercial 
typewriter,  while  the  output  was  a  simple  visual  display. 

The  company's  first  machine  used  the  same  general  principles  as  the  early  prototype, 
i.e. ,  the  mechanical  scanning,  optical-mask  technique,  but  it  was  capable  of  a  higher  speed 
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of  approximately  10  charactera  per  serond.  This  was,  In  part,  due  to  the  vm  of  a  apUt-flsld 
optical  syotem  In  which  the  ima^  was  projected  by  *  precision  multlfaeed  mirror  to  a  bank  of 
16  photomultipliers.  In  this  mennsr.  panfUel  detection  was  possible.  This  device  scamied  a 
slngla  printed  line  along  the  center  of  a  standard  IBM  card. 


The  second  machine  to  be  designed  was  delivered  In  ION.  This  machine  was  capable  of 
readliiK  16  characters  In  a  8  by  7  font,  as  well  as  sensing  a  series  of  pencil  marks  recorded 
on  the  document  by  hand.  Recognition  of  characters  was  accomplished  by  an  eleetronlc  map¬ 
matching  technique  in  which  the  o<ttput  of  a  bank  of  photocells  is  sampled  at  proper  intervals 
and  the  results  are  stored  in  a  fim-flop  matrix.  These  oubpots  are  then  compel^  electrically 
by  a  number  of  symbol  detectors  with  an  Individual  detcHmir  for  each  symbol.  This  action 
takes  place  in  parallel,  hence  Is  extremely  fast.  The  mechlne  chsracteristlce  are  as  follows; 


Input 

Oubpiut 

Document  Speed 
Character  Spacing 


Single  line  of  typewritten  charactere  plus  mark  sensing 
below  the  typewritten  line 

Magnetic  tape 

10  lines  per  sec  (10-lnch  paper) 

18  lines  per  eec  (B-lnch  papor) 

10  lines  per  in. 


A  third  character  reader,  designed  in  1650,  was  delivered  to  a  major  industrial  customer 
in  1060,  This  device  le  a  page  reader  and  ueea  the  combined  movement  of  a  rotating  drum, 
which  holds  the  document,  and  a  moving  hesul  which  carriea  a  bank  of  24  photocell  detestora 
to  scan  each  line  in  succesolon.  A  servosyetem  tracks  the  typewritten  line  and  keepa  the 
head  in  optimum  position  for  reading.  This  machine  has  the  following  characteristics; 


Input  Typev/rltten  page  (10  numbers,  26  letters,  and  11  symbols 

In  a  5  by  7  font) 

Output  Magnetic  tape 

Format  20  lines  per  page;  100  characters  per  line 

Document  Speed  4. 5  seconds  (reading  time  plus  peper  handling) 

Line  Speed  6  lines  per  second. 

A  fourth  type  of  reader,  experimental  in  nature,  was  completed  In  1660.  This  machine 
reads  typewritten  material  where  specially  designed  cut  font  characters  are  employed.  A 
repertoire  of  38  numbers,  letters,  and  symbols  is  used.  Only  a  single  line  Is  scanned,  using 
a  drum  feed  and  fixed  reading  head.  A  scanning  rate  of  200  characters  per  second  was 
achieved.  Output  of  the  machine  was  both  electrical  and  visual.  This  machine  was  designed 
particularly  with  the  Idea  of  mlnlmlxing  the  costs  of  both  the  mechanical  and  electronic  equip¬ 
ment. 

At  present  the  Rabinow  Engineering  Company  Is  under  contract  to  design  and  construct  a 
reading  machine  for  the  Ryder  Track  Lines  Inc.  This  machine  will  read  a  line  of  muneric 
information  off  a  trucker's  waybill.  Such  information  includes  waybill  number,  charges, 
weight,  destination  code,  etc.  Carbon  copies  as  well  as  originals,  are  to  be  read.  The  line 
scanned  will  contain  space  for  a  maximum  of  60  typewritten  characters  and  it  is  expected 
that  approximately  five  documents  will  be  handled  per  second.  An  electronic  nuyi- matching 
technique  similar  to  that  previously  described,  will  be  used,  e.xcept  for  a  much  larger  storage 
matrix.  The  output  of  the  reader  will  be  recorded  on  magnetic  tape  for  Insertion  Into  a 
Remington  Rand  SS-80  computing  machine  system. 

tt  should  be  pointed  out  that  although  each  machine  described  above  was  designed  for  a 
particular  purpose,  the  parameters  of  a  reading  system  can  cover  a  wide  range.  Taus,  a 
variety  of  different  fonts  may  be  employed  although  those  naving  maximum  discrimination  are 
to  be  preferred.  Reading  rates  up  to  2500  characters  per  second  have  been  achieved.  A 
varletyof  documents  can  be  handled,  from  card  stock  to  lightweight  paper  documents;  In  fact, 


! 
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Mvai^  fe^rs  have  been  designed  to  handla  multiple  sheets  of  piMPsr  forms,  glued  or  stapled. 
TOsUy,^  the  ouQjwti^ofjiuch  readers  can  be  made  suitable  for  different  kinds  of  devices  such 
«s5  ssiTiCeeCaa  a«s«|(ss«fcAC*ui,p«^  ui'  puiu;ittifu-|:ti|wr  tape  e<iuipinent« 


MISCmAMOUS 

COHTHIBUTTON8  FOR  OKRTAL  COMPUTER  NEWSLETTER 


Research  welcomes  contributions  to  the  NEWSLETTER.  Your  contrl- 
bi^ns  assist  In  Improving  the  contents  of  this  newsletter,  and  in  makihi;  it  an  even  better 

*?**•«“  government  laboratories,  aSdwnlc  Instltuti^ 
and  liKiustrjr.  It  is  hoped  that  the  readers  will  participate  to  an  even  greater  extent  than  in  the 

eugSrtlonSTo  this  OfS 

“ J*  ofton  impossible  for  the  editor  to  acknowledge  Indi- 
vldually  all  material  which  has  been  sent  to  this  Office  for  publication. 

The  NEWSI^TTBR  Is  published  quarterly  (January,  April,  July,  and  October),  and 


NEVraiETTER  Is  circulated  without  c^umge  to  Interested  military  and  government 
agencies,  to  the  contractors  of  the  Feitera).  Government,  and  contributors. 


Communications  should  be  addressed  to: 


Gordon  D.  Goldstein,  Editor 
Digital  Computer  Newsletter 
Information  Systems  Branch 
Office  of  Naval  Research 
Washington  25,  D.  C. 
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